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ABSTRACT 

Described are methods for controlling the doping of metal 
nitride films such as TaN. TiN and MnN. The temperature 
during deposition of the metal nitride film may be controlled 
to provide a film density that permits a desired amount of 
doping. Dopants may include Ru, Cu, Co, Mn, Mo, Al, Mg, 
Cr, Nb, Ta, Ti and V. The metal nitride film may optionally be 
exposed to plasma treatment after doping. 
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DOPNG CONTROL OF METAL, NTRIDE 
FILMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 61/759,761, filed Feb. 1, 2013. 

FIELD 

0002 The present invention relates generally to methods 
of doping metal nitride films in semiconductor devices. 

BACKGROUND 

0003 Microelectronic devices, such as semiconductors or 
integrated circuits, can include millions of electronic circuit 
devices such as transistors, capacitors, etc. To further increase 
the density of devices found on integrated circuits, even 
smaller feature sizes are desired. To achieve these smaller 
feature sizes, the size of conductive lines, vias, and intercon 
nects, gates, etc. must be reduced. Reliable formation of 
multilevel interconnect structures is also necessary to 
increase circuit density and quality. Advances in fabrication 
techniques have enabled use of copper for conductive lines, 
interconnects, vias, and other structures. However, electromi 
gration in interconnect structures becomes a greater hurdle to 
overcome, with decreased feature size and the increased use 
of copper for interconnections. Such electromigration may 
adversely affect the electrical properties of various compo 
nents of the integrated circuit. 
0004 Tantalum nitride (TaN) is a copper barrier at film 
thicknesses greater than 10 A, where the film is continuous. 
However, at nodes below 22 nm, TaN deposited by thermal 
atomic layer deposition (thermal ALD) is not a good copper 
barrier layer. Therefore, there is a need for new methods for 
depositing films that are effective copper barriers. 

SUMMARY 

0005 One aspect of the present invention pertains to a 
method for depositing a doped metal nitride film on a Sub 
strate, the method comprising depositing a metal nitride film 
on the substrate at a temperature selected to provide a film 
having a predetermined film density, and exposing the metal 
nitride film to a dopant metal precursor to form a doped metal 
nitride film. 
0006 Invarious embodiments, the metal nitride film com 
prises one or more of TaN. TiN and MnN. The metal nitride 
film may be doped with one or more of Ru, Cu, Co, Mn, Mo, 
Al, Mg, Cr, Nb, Ta, Ti and V, or similar dopant metals. 
0007 Some embodiments provide that the metal nitride 
film is deposited at a temperature less than or equal to about 
350° C. or less than or equal to about 250° C. The predeter 
mined film density may be less than or equal to about 8.5 
g/cm. 
0008. In some embodiments, the metal nitride film may be 
deposited via atomic layer deposition. The metal nitride film 
may optionally be exposed to plasma treatment after doping. 
0009. Another aspect of the present invention pertains to a 
method for controlling the doping of a metal nitride film, the 
method comprising controlling the temperature during depo 
sition of a metal nitride film to control the density of the 
deposited metal nitride film and exposing the metal nitride 
film to a dopant metal precursor to form a doped metal nitride 
film. 
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0010. As with the first aspect, in some embodiments, the 
metal nitride film comprises one or more of TaN. TiN and 
MnN. Also in some embodiments, the metal nitride film is 
doped with one or more of Ru, Cu, Co, Mn, Mo, Al, Mg, Cr, 
Nb, Ta, Ti and V. 
0011. In one or more embodiments, the temperature is 
controlled such that the temperature during deposition of the 
metal nitride film does not exceed about 350° C. or does not 
exceed about 250° C. The temperature during doping may 
also be controlled, such as controlling the temperature during 
doping so that the temperature does not exceed about 250° C. 
0012. In some embodiments, the metal nitride film is 
deposited via atomic layer deposition. The metal nitride film 
may optionally be exposed to plasma treatment after doping. 
0013 Another aspect of the present invention relates to a 
method for depositing a barrier film, the method comprising 
depositing a metal nitride film on a dielectric film on a Sub 
strate surface, wherein the temperature during the metal 
nitride deposition is controlled to control the density of the 
metal nitride film; doping the metal nitride film with one or 
more dopants; and diffusing one or more of the dopants 
through the metal nitride film to the dielectric film. 
0014. In one or more embodiments, the dopant and the 
dielectric film react to provide a metal oxide film or a metal 
silicate film. In some embodiments, the dopant comprises one 
or more of Al and Mn and the metal oxide film or metal 
silicate film comprises one or more of Al-O, MnO and 
MnSiO, 
0015. Some embodiments provide that the temperature 
during deposition of the metal nitride film may be selected 
selected to provide a desired amount of doping for the metal 
nitride film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 So that the manner in which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, briefly Summa 
rized above, may be had by reference to embodiments, some 
of which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
(0017 FIGS. 1A and 1B illustrate a dielectric layer before 
and after deposition of a barrier layer and conductive fill 
material in accordance with one or more embodiments of the 
invention. 

DETAILED DESCRIPTION 

0018. Before describing several exemplary embodiments 
of the invention, it is to be understood that the invention is not 
limited to the details of construction or process steps set forth 
in the following description. The invention is capable of other 
embodiments and of being practiced or being carried out in 
various ways. Although specific reference is made to copper 
barrier layers for semiconductor trenches in the following 
description, it is to be understood that the processes, films and 
devices described herein are suitable for any appropriate use 
of doped metal nitride films. 
0019. One or more embodiments of the present invention 
provide methods of depositing a doped metal nitride film. 
Such metal nitride films may include, but are not limited to, 
tantalum nitride (TaN), titanium nitride (TiN) and manganese 
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nitride (MnN). The metal nitride films may be doped with one 
or more of Ru, Cu, Co, Mn, Mo, Al, Mg, Cr, Nb, Ta, Ti, V. 
similar dopants or combinations thereof. 
0020. It has surprisingly been found that the density of the 
metal nitride film influences the amount of dopant incorpo 
rated into the metal nitride film. At lower metal nitride film 
densities, higher amounts of dopants may be incorporated 
into the metal nitride film. Conversely, higher metal nitride 
film densities limit the amounts of dopants that can be incor 
porated. Therefore, controlling the density of the metal 
nitride film during deposition and Subsequent processing 
prior to doping can be used to control the final doping of the 
metal nitride film. Furthermore, dopants may strengthen the 
overall metal nitride layer, particularly for films with lower 
density, by filling the holes in the matrix of the metal nitride. 
0021. Accordingly, one aspect of the present invention 
pertains to a method for depositing a doped metal nitride film 
on a Substrate. In one or more embodiments, the method 
comprises depositing a metal nitride film on the Substrate at a 
temperature selected to provide a metal nitride film having a 
predetermined film density. The metal nitride film is then 
Subjected to doping. Such as by exposing the metal nitride 
film to a dopant metal precursor. 
0022. In general, the higher the temperature during depo 
sition of the metal nitride film, the higher the density of the 
resulting metal nitride film. For example, TaN has a density of 
about 9.5 g/cm when deposited by atomic layer deposition 
(ALD) at 275° C. and a density of about 8.5 g/cm when 
deposited by ALD at 225°C. Accordingly, the temperature 
during deposition of the metal nitride layer may be selected to 
provide a desired density for the metal nitride film. In various 
embodiments, the temperature during deposition of the metal 
nitride film does not exceed about 350° C., such as not 
exceeding about 300° C., about 275°C., about 250° C., about 
225° C., about 200° C., about 175° C. or about 150° C. In 
Some embodiments the temperature is in the range from about 
100° C. to about 350°C. In some embodiments, the tempera 
ture is in the range from about 100° C. to about 250° C. The 
temperature during deposition may vary depending on the 
desired amount of doping, the type of metal nitride film, 
and/or the type of precursors used to deposit the metal nitride 
film. 
0023 The predetermined film density may vary depend 
ing on the desired amount of doping. In various embodiments, 
the predetermined film density may be less than or equal to 
about 13 g/cm, about 12 g/cm, about 11 g/cm, about 10 
g/cm, about 9.5 g/cm, about 9 g/cm, about 8.5 g/cm, about 
8 g/cm, about 7.5 g/cm, about 7 g/cm, about 6.5 g/cm, 
about 6 g/cm, about 5.5 g/cm, about 5 g/cm, about 4.5 
g/cm, about 4 g/cm, about 3.5 g/cm, about 3 g/cm, about 
2.5 g/cm, about 2 g/cm, about 1.5 g/cm or about 1 g/cm. 
0024. The thickness of the doped metal nitride film may be 
defined by the thickness of the initial metal nitride film prior 
to doping. In one or more embodiments the thickness of the 
metal nitride film is in the range from 5 A to 15 A. In various 
embodiments, the metal nitride film thickness is about 6 A, 
about 7 A, about 8 A, about 9 A, about 10 A, about 11 A or 
about 12 A. 
0025. In some embodiments, the metal nitride film is not 
Subjected to any Subsequent processing that increases the 
density before doping the metal nitride film. For example, 
exposing the metal nitride film to plasma treatment may 
increase the density of the metal nitride film. Accordingly, 
Some embodiments provide that there is no plasma treatment 
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during deposition of the metal nitride film, or between depo 
sition of the metal nitride film and doping of the metal nitride 
film. 

0026. In one or more embodiments, the doped metal 
nitride film comprises 0.01 to 30 wt.% dopant, based on the 
total weight of the metal nitride film. In certain embodiments, 
the doped metal nitride film comprises 0.1 to 10 wt.% dopant, 
such as from 0.2 to 8 wt.% dopant. In some embodiments, the 
metal nitride film comprises 0.5 to 5 wt.% dopant, such as 
about 0.5 wt.%, about 1 wt.%, about 1.5 wt.%, about 2 wt. 
%, about 2.5 wt.%, about 3 wt.%, about 3.5 wt.%, about 4 wt. 
%, about 4.5 wt.%, or about 5 wt.% dopant. 
0027. The films in accordance with various embodiments 
of this invention can be deposited over virtually any substrate 
material. A “substrate surface.” as used herein, refers to any 
Substrate or material Surface formed on a Substrate upon 
which film processing is performed during a fabrication pro 
cess. For example, a Substrate Surface on which processing 
can be performed include materials such as silicon, silicon 
oxide, strained silicon, silicon on insulator (SOI), carbon 
doped silicon oxides, silicon nitride, doped silicon, germa 
nium, gallium arsenide, glass, Sapphire, and any other mate 
rials such as metals, metal nitrides, metal alloys, and other 
conductive materials, depending on the application. Barrier 
layers, metals or metal nitrides on a Substrate Surface include 
titanium, titanium nitride, tungsten nitride, tantalum and tan 
talum nitride, aluminum, copper, or any other conductor or 
conductive or non-conductive barrier layer useful for device 
fabrication. Substrates may have various dimensions, such as 
200 mm or 300 mm diameter wafers, as well as, rectangular or 
square panes. Substrates on which embodiments of the inven 
tion may be useful include, but are not limited to semicon 
ductor wafers, such as crystalline silicon (e.g., Si-100> or 
Si-111 >), silicon oxide, Strained silicon, silicon germanium, 
doped or undoped polysilicon, doped or undoped silicon 
wafers, III-V materials such as GaAs, GaN, InP, etc. and 
patterned or non-patterned wafers. Substrates may be 
exposed to a pretreatment process to polish, etch, reduce, 
oxidize, hydroxylate, anneal and/or bake the Substrate Sur 
face. 

0028. In one or more embodiments, the metal nitride layer 
may be deposited via ALD. In a typical ALD process, alter 
nating pulses or flows of 'A' precursor and “B” precursor can 
be used to deposit a film. As used in this specification and the 
appended claims, the terms “precursor”, “reactant”, “reactive 
gas”, “reactive species' and the like are used interchangeably 
to describe a chemical species that is intended to act (e.g., 
deposit, chemisorb, etch) on a Substrate Surface or film on the 
Substrate. The alternating exposure of the Surface to reactants 
'A' and “B” is continued until the desired thickness film is 
reached. However, instead of pulsing the reactants, the gases 
can flow simultaneously from one or more gas delivery head 
or nozzle and the Substrate and/or gas delivery head can be 
moved such that the Substrate is sequentially exposed to each 
of the reactive gases. Of course, the aforementioned ALD 
cycles are merely exemplary of a wide variety of ALD process 
cycles in which a deposited layer is formed by alternating 
layers of precursors and co-reactants. 
0029. In some embodiments, the substrate is laterally 
moved from a first region in a processing chamber where it is 
exposed to a first reactive gas, then laterally moved through a 
gas curtain into a second region of the processing chamber 
where it is exposed to a second reactive gas. In one or more 
embodiments, the substrate can continue to be laterally 
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moved to a third region, fourth region, etc. of the processing 
chamber where the substrate can be exposed other reactive 
gases. Each of the regions in the processing chamber may be 
separated from adjacent regions by a gas curtain which pre 
vents or minimizes gas phase reaction of the reactive species 
in the respective regions. In some embodiments, the Substrate 
can be rotated laterally about the inside of a processing cham 
ber, exposing the Substrate to anywhere from one to n pro 
cessing regions. In this manner, a metal nitride film can be 
deposited and doped without having to move the substrate to 
a different processing chamber. 
0030. Some embodiments of the invention are directed to 
copper barrier applications. The metal nitride film formed by 
one or more embodiments of the invention is used as a copper 
barrier. Suitable metal nitride films for copper barrier appli 
cations include, but are not limited to, TaN and MnN. For 
copper barrier applications, Suitable dopants include, but are 
not limited to, Ru, Cu, Co, Mn, Al, Ta or combinations 
thereof. A plasma treatment can be used after doping to den 
sify the metal nitride matrix and stabilize the dopant in the 
metal nitride matrix. In some copper barrier applications, a 
high frequency plasma (defined as greater than about 14 MHZ 
or about 40 MHz or greater) can be used with one or more of 
H and Argas. In one or more embodiment, to prevent low-k 
damage, a higher plasma frequency can be used (higher than 
13.56 MHz). In some embodiments, the metal nitride film is 
a copper barrier and comprises one or more of (a) TaN doped 
with Mn (b) MnN doped with Ru (c)MnN doped with Cu or 
combinations thereof. 
0031 Suitable precursors for depositing a metal nitride 
film include metal-containing precursors and N-containing 
precursors. For example, if the metal nitride film is TaN, the 
Ta-containing precursor may be pentakis(dimethylamino) 
tantalum (PDMAT) and the N-containing precursor may be 
ammonia. If the metal nitride film is MnN, the Mn-containing 
precursors may be bisbis(trimethylsily)amidomanganese 
(II) (Mn(TMSA)). Other suitable precursors are known to 
those skilled in the art. Organic species in organic-containing 
precursors for metal nitride films may get partially incorpo 
rated into the underlying layer (Such as a dielectric layer), 
which may increase the adhesion at the metal nitride-under 
lying layer interface. 
0032 For depositing the dopant metal, an appropriate 
metal-containing precursor may be used. Examples of Suit 
able precursors include metal complexes containing the 
desired dopant, such as dopant metals coordinated with 
organic or carbonyl ligands. A Suitable dopant precursor 
should have sufficient vapor pressure to be deposited in the 
appropriate process, such as ALD, chemical vapor deposition 
(CVD) and physical vapor deposition (PVD). For example, 
dimethylaluminum hydride (DMAH) may be used as an Al 
containing precursor or Mn(TMSA) may be used as a Mn 
containing precursor. 
0033. Depending on the dopant precursor used, a co-reac 
tant may be used to deposit the dopant. For example, reducing 
gases Such as hydrogen and ammonia can be used as co 
reactants for depositing some dopants. Metal dopant precur 
sors and co-reactants may be either co-flowed or flowed 
sequentially. 
0034. In some embodiments, instead of or in addition to 
using a reducing gas co-reactant, a post-plasma treatment step 
may be used after exposing the metal nitride film to the dopant 
metal precursor. According to one or more embodiments, the 
plasma comprises one or more of He, Ar, NH. H. and N. In 
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Some embodiments, the plasma may comprise a mixture of Ar 
and H. Such as a mixture having an Ar: H2 molar ratio in the 
range from 1:1 to 1:10. The plasma power may be in the range 
from about 400 to about 1000 Watts. The plasma frequency 
may be in the range from 350 kHz to 40 MHz. The plasma 
treatment time may vary from 5 second to 60 seconds, such as 
in the range from 10 seconds to 30 seconds. In some embodi 
ments, the pressure during plasma treatment may be in the 
range from 0.5 to 50 Torr, such as from 1 to 10 Torr. In some 
embodiments, the wafer spacing may be in the range from 
100 mils to 600 mils. 
0035. The metal nitride film may be exposed to the dopant 
metal precursor during deposition, i.e. the dopant metal pre 
cursor may be used sequentially in the ALD cycle to provide 
a doped metal nitride film. For example, 1-10 cycles of metal 
containing precursors and N-containing precursors can be 
used to form an initial metal nitride layer, followed by expo 
Sure to 1-10 cycles of the dopant metal precursor, then resum 
ing cycles of the metal-containing precursors and N-contain 
ing precursors, then optionally more doping, etc., until the 
desired doped metal nitride film thickness is reached. Alter 
natively, the metal nitride film may be completely deposited 
to the desired thickness before exposing to the dopant metal 
precursors. 

0036. In various embodiments, the duration of the expo 
Sure to the dopant metal- containing precursor may range 
from 1 to 60 seconds, such as in the range from 3 to 30 
seconds or from 5 to 10 seconds. Longer exposures to the 
dopant metal precursor will increase the amount of doping of 
the metal nitride film, as long as the metal nitride film has not 
reached the maximum doping for the density of the metal 
nitride film. 
0037 Another aspect of the present invention pertains to a 
method for controlling the doping of a metal nitride film. In 
various embodiments of this aspect, the method comprises 
controlling the temperature during deposition of a metal 
nitride film to control the density of the deposited metal 
nitride film and exposing the metal nitride film to a dopant 
metal precursor to form a doped metal nitride film. The metal 
nitride film may be deposited according to any of the previ 
ously described methods of deposition, such as ALD. 
0038. As explained above, the temperature during deposi 
tion of the metal nitride film influences the density of the 
resulting metal nitride film. As such, controlling the tempera 
ture during deposition of a metal nitride film will enable 
control of the density of the deposited metal nitride film, 
which in turn will enable control of the doping of the metal 
nitride film. Indeed, the doping of the metal nitride film may 
be self-limiting based on the density of the metal nitride film. 
0039. In various embodiments of this method, the tem 
perature is controlled during deposition of the metal nitride 
film so that the temperature does not exceed about 350° C. 
such as not exceeding about 300° C., about 275°C., about 
250° C., about 225°C., about 200° C., about 175° C. or about 
150°C. In some embodiments the temperature is in the range 
from about 100° C. to about 350° C. In some embodiments, 
the temperature is in the range from about 100° C. to about 
250° C. Again, the temperature during deposition may vary 
depending on the desired amount of doping, the type of metal 
nitride film, and/or the type of precursors used to deposit the 
metal nitride film. 

0040. In some embodiments, the method further com 
prises controlling the temperature during doping. Use of 
lower temperatures may help prevent decomposition of the 
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dopant metal precursors, which can further increase the capa 
bility to dope the metal nitride film. In various embodiments, 
the temperature during doping may be controlled such that it 
does not exceed 350° C., such as not exceeding about 300°C., 
about 275° C., about 250 °C., about 225° C., about 200° C., 
about 175° C. or about 150° C. In some embodiments the 
temperature is in the range from about 100° C. to about 350° 
C. In some embodiments, the temperature is in the range from 
about 100° C. to about 250° C. 
0041. The method of this aspect may include any of the 
features described with the first aspect. For example, in some 
embodiments, the metal nitride films may be treated with 
plasma after doping. 
0042. One exemplary use of these metal nitride films is as 
barrier layers in microelectronic devices. Accordingly, 
another aspect of the present invention pertains to a method 
for depositing a bather film. In one or more embodiments of 
this aspect, the method comprises depositing a metal nitride 
film on a dielectric film on a substrate surface, wherein the 
temperature during the metal nitride deposition is controlled 
to control the density of the metal nitride film and doping the 
metal nitride film with one or more dopants. The method may 
further comprise diffusing one or more of the dopants through 
the metal nitride film to the dielectric film. 
0043. While not wishing to be bound to any particular 
theory, it is thought that the dopant can selectively diffuse 
through the barrier layer to the dielectric layer and form a 
complex with the dielectric material that will be resistant to 
electromigration. One proposed mechanism is that the 
exposed precursor can preferentially migrate to the dielectric/ 
barrier interface via grain boundaries or other weak paths. 
The complex formed may be a metal oxide (MO) or a metal 
silicate (MSi-O.). Thus, in embodiments where the dopant is 
Mn and the dielectric layer comprises SiOx, the Mn can 
diffuse through the bather layer and form MnO or MnSiO, 
This self-forming barrier layer of MnSiO, can then prevent 
copper electromigration from the conductive material to the 
dielectric layer. Similarly, if the dopant metal is Al, the com 
plex may be Al-O. 
0044 FIG. 1A depicts an embodiment of a microelec 
tronic device 100 comprising a substrate 105 and a dielectric 
layer 110. The dielectric layer 110 is disposed upon the sub 
strate 105, and the dielectric layer 110 has a trench 150 
defined by a trench bottom 120, sidewalls 115, and opening 
160. 

0045. In one or more embodiments, the dielectric layer 
110 is a low-k dielectric layer. In certain embodiments, the 
dielectric layer comprises SiO, Further embodiments pro 
vide that the dielectric layer comprises porous or carbon 
doped SiO,. In some embodiments, the dielectric layer is a 
porous or carbon-doped SiO, layer with a k value less than 3. 
0046 FIG.1B shows the same microelectronic device 100 
after deposition of a barrier layer 130, which covers at least a 
portion of the sidewall 115 and/or trench bottom 120. As 
shown in FIG. 1B, the barrier layer 130 may cover the entirety 
of the sidewall 115 and trench bottom 120. The barrier layer 
130 may comprise a metal nitride layer including one or more 
of TaN. TiN and MnN and one or more dopants such as Ru, 
Cu, Co, Mn, Mo, Al, Mg, Cr, Nb, Ta, Ti and V. According to 
one or more embodiments, the barrier layer comprises TaN 
and the dopant comprises one or more of Al and Mn. 
0047. A conductive fill material 140 fills at least a portion 
of the trench 150 lined with barrier layer 130. According to 
one or more embodiments, the conductive fill material com 
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prises copper or a copper alloy. In further embodiments, the 
conductive fill material also comprises Mn. In other embodi 
ments, the conductive fill material further comprises Al. 
0048. Although the conductive fill material 140 in FIG. 1B 

is shown in direct contact with the barrier layer 130, interme 
diate layers may be in between the conductive fill material 
140 and the barrier layer 130, such as adhesion layers or 
seeding layers. According to one or more embodiments, the 
microelectronic device further comprises an adhesion layer 
comprising one or more of Ru and Co. In addition to Ru 
and/or Co., the adhesion layer may comprise one or more 
dopants such as Mn, Al, Mg, Cr, Nb, Tior V. In some embodi 
ments, the adhesion layer comprises Ru and Mn. In other 
embodiments, the adhesion layer comprises Co and Mn. 
0049. In certain embodiments, a seeding layer is deposited 
on top of the barrier layer. According to one or more embodi 
ments, the seeding layer comprises an alloy of copper, such as 
a Cu-Mn alloy. In certain embodiments, the seeding layer 
comprises less than 2 wt.% Mn. In some embodiments, the 
seeding layer comprises about 1 wt.% Mn. The line resis 
tance of copper alloys containing 1 wt.% Mnis expected to be 
the same as or similar to the line resistance of pure copper. 
0050. In addition to being a copper bather, doped metal 
nitride may also be a bather to oxygen diffusing from the 
dielectric layer 110 to the conductive material 140. Oxygen 
diffusion from the dielectric layer 110 to the conductive mate 
rial 140 can result in oxygen reacting with components in the 
conductive material and/or seed layer. For example, if the 
conductive material 140 comprises Mn, then oxygen can 
react with the Mn at the interface of the barrier layer 130 and 
the conductive material 140, thus "pinning the Mn to the 
barrier layer/conductive material interface. As a result, the 
Mn cannot segregate throughout the conductive material. 
Similarly, if a seed layer comprising Mn is present, then 
oxygen can react with the Mn in the seed layer at the seed 
layer/barrier layer interface and pin the Mn to the interface. 
0051. It is believed that oxygen diffusing into the metal 
nitride layer will react with the dopant and will prevent oxy 
gen from diffusing into the conductive material 140. As a 
result, oxygen will not be available to react with the seed layer 
or the conductive material. 

0052. As embodiments of the invention provide methods 
for depositing or forming doped metal nitride films, a pro 
cessing chamber is configured to expose the Substrate to a 
sequence of gases and/or plasmas during the vapor deposition 
process. The processing chamber would include separate Sup 
plies of reactants, along with any Supply of carrier, purge and 
inert gases such as argon and nitrogen in fluid communication 
with gas inlets for each of the reactants and gases. Each inlet 
may be controlled by an appropriate flow controller Such as a 
mass flow controller or volume flow controller in communi 
cation with a central processing unit (CPU) that allows flow of 
each of the reactants to the substrate to perform a deposition 
process as described herein. The central processing unit may 
be one of any forms of a computer processor that can be used 
in an industrial setting for controlling various chambers and 
sub-processors. The CPU can be coupled to a memory and 
may be one or more of readily available memory Such as 
random access memory (RAM), read only memory (ROM), 
flash memory, compact disc, floppy disk, hard disk, or any 
other form of local or remote digital storage. Support circuits 
can be coupled to the CPU to support the CPU in a conven 
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tional manner. These circuits include cache, power Supplies, 
clock circuits, input/output circuitry, Subsystems, and the 
like. 
0053. The co-reactants are typically in vapor or gas form. 
The reactants may be delivered with a carrier gas. A carrier 
gas, a purge gas, a deposition gas, or other process gas may 
contain nitrogen, hydrogen, argon, neon, helium, or combi 
nations thereof. The various plasmas described herein, Such 
as the nitrogen plasma or the inert gas plasma, may be ignited 
from and/or contain a plasma co-reactant gas. 
0054. In one or more embodiments, the various gases for 
the process may be pulsed into an inlet, through a gas channel, 
from various holes or outlets, and into a central channel. In 
one or more embodiments, the deposition gases may be 
sequentially pulsed to and through a showerhead. Alterna 
tively, as described above, the gases can flow simultaneously 
through gas Supply nozzle or head and the Substrate and/or the 
gas Supply head can be moved so that the Substrate is sequen 
tially exposed to the gases. 
0055 Another aspect of the invention pertains to an appa 
ratus for deposition of a film on a substrate to perform a 
process according to any of the embodiments described 
above. In one embodiment, the apparatus comprises a depo 
sition chamber for deposition of a film on a substrate. The 
chamber comprises a process area for Supporting a substrate. 
The apparatus includes a precursor inlet in fluid communica 
tion with a Supply of a metal precursor precursor, Such as 
pentakis(dimethylamino)tantalum (PDMAT) for Ta. The 
apparatus also includes a reactant gas inlet in fluid commu 
nication with a Supply of nitrogen-containing precursor, Such 
as ammonia. The apparatus also includes a reactant gas inlet 
in fluid communication with a Supply of dopant precursor, 
Such as a dopant-containing metal complex. The apparatus 
further includes a purge gas inlet in fluid communication with 
a purge gas. The apparatus can further include a vacuum port 
for removing gas from the deposition chamber. The apparatus 
can further include an auxiliary gas inlet for Supplying one or 
more auxiliary gases such as inert gases to the deposition 
chamber. The deposition can further include a means for 
heating the substrate by radiant and/or resistive heat. The 
metal nitride film may be doped in the same chamber as the 
metal nitride film deposition, or it may be doped in a separate 
chamber that is in communication with the deposition cham 
ber under load lock or vacuum conditions. 
0056. In some embodiments, a plasma system and pro 
cessing chambers or systems which may be used during 
methods described here for depositing or forming the films 
can be performed on either PRODUCER(R), CENTURAR, or 
ENDURAR) systems, all available from Applied Materials, 
Inc., located in Santa Clara, Calif. A detailed description of an 
ALD processing chamber may be found in commonly 
assigned U.S. Pat. Nos. 6,878,206, 6,916,398, and 7,780,785. 

EXAMPLES 

Example 1 

Mn Doping of TaN 
0057 10 A of TaN was deposited via ALD using PDMAT 
and ammonia precursors at 225°C. The TaN film density was 
8.5 g/cm. The TaN was doped with Mn by exposing to 
Mn(TMSA) for 3 seconds, followed by 10 second exposure 
to H. plasma. The dopant exposure conditions were 5 Torr, 
200mil spacing, 1000SCCMArcarrierflow and 1500SCCM 
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Arpurge flow. The H plasma conditions were 1 Torr, 100 mil 
spacing, 400 W (40 MHz), 300 SCCM Arand 2500 SCCM 
H. 

Example 2 

MnN Deposition on TaN 
0.058 10 A of TaN was deposited in the same manner as 
Example 1. 0.5 A of MnN was then deposited upon the TaN 
via ALD using Mn(TMSA) and ammonia precursors at 225° 
C. The TaN/MnN was then exposed to the same H. plasma 
treatment as in Example 1. 

Example 3 

Al Doping of TaN 
0059 10 A of TaN was deposited in the same manner as 
Example 1. The TaN was doped with A1 by exposing to 
DMAH and H gas for 5 seconds. The aluminum exposure 
conditions were 5 Torr, 200 mils spacing, 1000 SCCM Ar 
carrier flow, 1500 SCCM Arpurge flow, and H. flow of 1000 
SCCM. The Al-doped TaN was then subjected to a 30 second 
exposure to the same H plasma treatment as in Examples 1 
and 2. 
0060 Reference throughout this specification to “one 
embodiment,” “certain embodiments,” “one or more embodi 
ments' or “an embodiment’ means that a particular feature, 
structure, material, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the invention. Thus, the appearances of the phrases such as 
“in one or more embodiments.” “in certain embodiments,” “in 
one embodiment' or “in an embodiment” in various places 
throughout this specification are not necessarily referring to 
the same embodiment of the invention. Furthermore, the par 
ticular features, structures, materials, or characteristics may 
be combined in any Suitable manner in one or more embodi 
mentS. 

0061 Although the invention herein has been described 
with reference to particular embodiments, it is to be under 
stood that these embodiments are merely illustrative of the 
principles and applications of the present invention. It will be 
apparent to those skilled in the art that various modifications 
and variations can be made to the method and apparatus of the 
present invention without departing from the spirit and scope 
of the invention. Thus, it is intended that the present invention 
include modifications and variations that are within the scope 
of the appended claims and their equivalents. 
What is claimed is: 
1. A method for depositing a doped metal nitride film on a 

Substrate, the method comprising: 
depositing a metal nitride film on the Substrate at a tem 

perature selected to provide a film having a predeter 
mined film density; and 

exposing the metal nitride film to a dopant metal precursor 
to form a doped metal nitride film. 

2. The method of claim 1, wherein the metal nitride film 
comprises one or more of TaN. TiN and MnN. 

3. The method of claim 1, wherein the metal nitride film is 
doped with one or more of Ru, Cu, Co, Mn, Mo, Al, Mg, Cr, 
Nb, Ta, Ti and V. 

4. The method of claim 1, wherein the metal nitride film is 
deposited at a temperature less than or equal to about 350° C. 

5. The method of claim 1, wherein the metal nitride film is 
deposited at a temperature less than or equal to about 250° C. 
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6. The method of claim 1, wherein the metal nitride film 
comprises one or more of MnN doped with Ru, TaN doped 
with Mn, MnN doped with Cu or combinations thereof. 

7. The method of claim 1, wherein the predetermined film 
density is less than or equal to about 8.5 g/cm. 

8. The method of claim 1, further comprising exposing the 
metal nitride film to plasma treatment after doping. 

9. A method for controlling the doping of a metal nitride 
film, the method comprising: 

controlling the temperature during deposition of a metal 
nitride film to control the density of the deposited metal 
nitride film; and 

exposing the metal nitride film to a dopant metal precursor 
to form a doped metal nitride film. 

10. The method of claim 9, wherein the metal nitride film 
comprises one or more of TaN. TiN and MnN. 

11. The method of claim 9, wherein the metal nitride film is 
doped with one or more of Ru, Cu, Co, Mn, Mo, Al, Mg, Cr, 
Nb, Ta, Ti and V. 

12. The method of claim 9, wherein the temperature is 
controlled such that the temperature during deposition of the 
metal nitride film does not exceed about 350° C. 

13. The method of claim 9, wherein the temperature is 
controlled such that the temperature during deposition of the 
metal nitride film does not exceed about 250° C. 
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14. The method of claim 13, further comprising controlling 
the temperature during doping such that the temperature does 
not exceed about 250° C. 

15. The method of claim 9, wherein the metal nitride film is 
deposited via atomic layer deposition. 

16. The method of claim 9, further comprising exposing the 
metal nitride film to plasma treatment after doping. 

17. A method for depositing a bather film, the method 
comprising: 

depositing a metal nitride film on a dielectric film on a 
Substrate surface, wherein the temperature during the 
metal nitride deposition is controlled to control the den 
sity of the metal nitride film; 

doping the metal nitride film with one or more dopants; and 
diffusing one or more of the dopants through the metal 

nitride film to the dielectric film. 
18. The method of claim 17, wherein the dopant and the 

dielectric film react to provide a metal oxide film or a metal 
silicate film. 

19. The method of claim 18, wherein the dopant comprises 
one or more of Al and Mn and the metal oxide film or metal 
silicate film comprises one or more of Al-O, MnO and 
MnSiO, 

20. The method of claim 17, wherein the temperature dur 
ing deposition of the metal nitride film is selected to provide 
a desired amount of doping for the metal nitride film. 

k k k k k 


